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(54) Nickel-metal hydride storage battery 

(57) The present invention Is to provide a nickel- 
metal hydride storage battery comprising a positive 
electrode (1) mainly composed of nickel hydroxide, a 
negative electrode (2) mainly composed of a hydrogen 
storage alloy powder electrochemically absorbing and 
describing hydrogen, a separator (3) and an alkaline 
electrolyte, wherein zinc and rare earth element are con- 
tained in at least one selected from the group consisting 
of the positive electrode, the separator and the electro- 
lyte. Hence, the charge efficiency of nickel hydroxide 
can be improved at a high ambient temperature, and fur- 
thermore, the deterioration of the negative electrode 
due to oxidation can be suppressed, thereby enabling 
a provision of a nickel-metal hydride storage battery with 
a longer cycle life. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to improvements of a 
nickel-metal hydride storage battery. 
[0002] With the recent explosive spread of portable 
information equipment such as a cellular phone, a PHS 
and a notebook computer, a small and lightweight sec- 
ondary battery with a high-added value has been under 
development. Since such a secondary battery has a 
high energy density, there has been a strong demand 
for one which exhibits excellent performance as a bat- 
tery even at a high ambient temperature due to heat 
generation by these appliances. There has been anoth- 
er demand for the development of a novel secondary 
battery with a high energy density as a power source for 
electric vehicles. Therefore, it is assumed that such bat- 
tery will be used in a wide range of ambient tempera- 
tures. 

[0003] In order to meet such demands, use of a nickel- 
metal hydride storage battery for electric vehicles has 
been investigated from the viewpoints of high energy 
density, great output power and safety. 
[0004] However, there is a problem with a nickel-met- 
al hydride storage battery that, during charging at a high 
ambient temperature, the charge capacity is drastically 
reduced because oxygen overvoltage at the positive 
electrode is extremely decreased to generate oxygen, 
causing charging reaction competitively to the oxygen 
generation reaction. Moreover, since it is difficult to ex- 
change a battery in electric vehicles, the battery is ex- 
pected to have a longer life, and it also needs to have 
excellent storage characteristics as it is supposed to be 
used outdoor. In addition, there is a problem which is 
common to all nickel positive electrodes that, although 
the energy density is high at around room temperature, 
it becomes low at a high ambient temperature. 
[0005] The cause of this problem is that oxide gener- 
ation reaction tends to occur concurrently with the 
charging reaction at a high ambient temperature in 
which nickel hydroxide is converted to nickel oxyhydrox- 
ide during charging. That is, the oxide generation reac- 
tion at the positive electrode prevents nickel hydroxide 
to be sufficiently converted to nickel oxyhydroxide, 
thereby reducing the utilization rate of nickel-metal hy- 
dride. 

[0006] In order to solve these problems, the following 
methods have been suggested: 

(1) A method to add a cadmium oxide powder, a 
cadmium hydroxide powder and the like into a pos- 
itive electrode. 

(2) A method to add cadmium inside a nickel hy- 
droxide powder (Japanese Laid-Open Patent Pub- 
lication No. Sho 61-104565). 

(3) A method to add a compound comprising yt- 
trium, indium, antimony, barium and beryllium into 



a positive electrode (Japanese Laid-Open Patent 
Publication No. Hei 6-103973). 

(4) A method to add a zinc compound into a nickel 
positive electrode, a negative electrode and a sep- 

5 arator (Japanese Laid-Open Patent Publication No. 
Hei 4-137368). 

(5) A method to add yttrium and/or an yttrium com- 
pound into a negative electrode (Japanese Laid- 
Open Patent Publication No. Hei 6-215765). 

10 

[0007] The above-mentioned methods (1 ) and (2) that 
have been proposed conventionally improve the utiliza- 
tion rate of nickel hydroxide at a high ambient tempera- 
ture by the presence of cadmium oxide inside or with a 
is nickel hydroxide powder. 

[0008] However, even in the case where cadmium ox- 
ide is added, the utilization rate of nickel hydroxide is 
80% or so at a high ambient temperature; therefore, in 
order to further improve the utilization rate of nickel hy- 
droxide at a high ambient temperature, it is necessary 
to increase the amount of cadmium oxide to be added 
inside nickel hydroxide or in a nickel positive electrode. 
[0009] By increasing the amount of cadmium oxide to 
be added, the utilization rate of nickel hydroxide can be 
increased up to 90% or so at a high ambient tempera- 
ture. However, it reduces the utilization rate of nickel hy- 
droxide at around an ordinary temperature. 
[001 0] Meanwhile, from an environmental standpoint, 
attention has been given to a nickel-metal hydride stor- 
age battery containing no cadmium, which is one of 
heavy metals. However, by removing cadmium oxide 
from nickel hydroxide ora positive electrode, the utiliza- 
tion rate of nickel hydroxide is decreased to around 50 
to 60% at a high ambient temperature. If a sealed nickel- 
metal hydride storage battery in which the capacity of 
the positive electrode is regulated by a reduced amount 
of the electrolyte is constituted, there is a problem that 
the cycle life becomes shorter due to the poisoning of 
the hydrogen storage alloy by cadmium. 
[0011] The above method (3) is aimed at improving 
the utilization rate of nickel hydroxide at a high ambient 
temperature by adsorbing a compound of yttrium, indi- 
um, antimony or the like on the surface of a nickel hy- 
droxide active material to increase the overvoltage of 
oxygen generation, which is a competitive reaction dur- 
ing charging at a high ambient temperature, and thereby 
improving the charge efficiency of nickel hydroxide to 
nickel oxyhydroxide. 

[0012] However, mere use of this method would 
cause a nonuniform distribution of additives in a paste 
or an insufficient solving of the additives; therefore the 
effect which can meet the above-mentioned expecta- 
tions cannot be sufficiently achieved. There has been a 
problem that a large amount of additive is required for 
obtaining an evident effect, which prevents a battery to 
have a higher capacity. 

[0013] As to the above-mentioned methods (4) and 
(5), no sufficient improvements in characteristics were 
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observed at a high ambient temperature in recent years 
as mentioned above (particularly at a temperature of 60 
°Corhigher). Forthis reason, even if the amount of each 
component was increased aimlessly, improvement in 
the characteristics was not observed in proportion to the 5 
increase; instead the capacity was decreased. Thus the 
actually usable capacity was not improved. 
[0014] Therefore, In order to solve these problems, 
the inventors of the present invention focused their at- 
tentions to the additive which might achieve an even 10 
higher capacity and a longer service life. They have 
found that the concurrent use of the additives of zinc 
and rare earth is effective and have completed the 
present invention. 

[0015] That is, an object of the present invention is to 15 
provide a nickel-metal hydride storage battery which is 
useful in improving charge efficiency at a high ambient 
temperature, also effective in suppressing deterioration 
of the negative electrode due to oxidation, and have 
achieved a longer service life. 20 

BRIEF SUMMARY OF THE INVENTION 

[001 6] The present invention relates to a nickel-metal 
hydride storage battery comprising a positive electrode 
mainly composed of nickel hydroxide, a negative elec- 
trode mainly composed of a hydrogen storage alloy 
powder electrochemicafly absorbing and desorbing hy- 
drogen, a separator, and an alkaline electrolyte, wherein 
at least one selected from the group consisting of the 
positive electrode, the separator and the electrolyte con- 
tains zinc element and rare earth element. 
[0017] Herein, the zinc is preferably contained in at 
least one state selected from the group consisting of me- 
tallic zinc, zinc hydroxide, zinc oxide, zinc sulfate, zinc 
carbonate and zincate ion. 

[0016] The content of the zinc calculated as in the 
state of oxide thereof is preferably 0.01 to 1 0% by weight 
of the nickel hydroxide. 

[0019] The rare earth element is preferably contained 
in at least one state selected from the group consisting 
of rare earth metal, rare earth oxide and rare earth hy- 
droxide. 

[0020] The content of the rare earth element calculat- 
ed as in the state of oxide thereof is preferably 0.01 to 
10% by weight of the nickel hydroxide. 
[0021] The rare earth metal is preferably yttrium, er- 
bium or ytterbium. 

[0022] The electrolyte preferably contains potassium 
hydroxide, sodium hydroxide and lithium hydroxide. 
[0023] Furthermore, the present invention also re- 
lates to a nickel-metal hydride storage battery compris- 
ing a positive electrode mainly composed of nickel hy- 
droxide, a negative electrode mainly composed of a hy- 
drogen storage alloy powder electrochemically absorb- 
ing and desorbing hydrogen, a separator, and an alka- 
line electrolyte, wherein at least one selected from the 
group consisting of metallic zinc, zinc hydroxide, zinc 



oxide, zinc sulfate and zinc carbonate; and one selected 
from the group consisting of rare earth metal, rare earth 
oxide and rare earth hydroxide is added to the negative 
electrode. 

[0024] The content of the zinc calculated as in the 
state of oxide thereof is preferably 0.01 to 1 0% by weight 
of the hydrogen storage alloy. 

[0025] Herein, the content of the rare earth element 
calculated as in the state of oxide thereof is also prefer- 
ably 0.01 to 10% by weight of the hydrogen storage al- 
loy. 

[0026] The rare earth metal is preferably yttrium, er- 
bium or ytterbium. 

[0027] The separator is preferably composed of sul- 
fonated polypropylene. 

[0028] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed de- 
scription taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0029] Fig. 1 is a perspective view, partly in section, 
of the battery produced in an example of the present 
invention. 

[0030] Fig. 2 is a graph illustrating the relation be- 
tween each of the addition amounts of zinc and yttrium 
to the positive electrode, and the utilization rate of the 
nickel positive electrode at each temperature. 
[0031] Fig. 3 is a graph illustrating the relation be- 
tween each of the addition amounts of zinc and yttrium 
to the negative electrode, and the utilization rate of the 
nickel positive electrode at each temperature. 
[0032] Fig. 4 is a graph illustrating the utilization rate 
of the positive electrode at the second charge/discharge 
cycle at each ambient temperature of each battery 
charged and discharged in Example 3. 
[0033] Fig. 5 is a graph illustrating the utilization rate 
of the positive electrode at the second charge/discharge 
cycle at each ambient temperature of each battery 
charged and discharged in Example 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] It has been known from the past that zinc and 
rare earth element have a function to improve oxygen 
overvoltage and each of them is added alone to the nick- 
el positive electrode. On the other hand, according to 
the present invention, further effect can be obtained by 
concurrently adding both of zinc and rare earth element 
each in a less amount than that has been required in the 
past. 

[0035] It was found that a similar effect could be 
achieved by adding zinc and rare earth element to a sep- 
arator and/or an electrolyte. Moreover, by adding zinc 
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and rare earth element to a hydrogen storage alloy neg- 
ative electrode, a separator and an electrolyte, it is pos- 
sible to coat the surface of the hydrogen storage alloy 
negative electrode with an oxide film of zinc and rare 
earth element, thereby also preventing deterioration of 
the hydrogen storage alloy itself due to oxidation: there- 
fore, the cycle life of the alkaline storage battery was 
improved. 

[0036] In addition, it was found that, even in the case 
where zinc and rare earth element were added to the 
nickel positive electrode, deterioration of the hydrogen 
storage alloy negative electrode was also prevented un- 
der the influence of zinc and rare earth element dis- 
solved in the electrolyte, and swelling of the nickel pos- 
itive electrode was suppressed to improve the cycle life. 
[0037] As such, according to the present invention, it 
is possible to provide a nickel-metai hydride storage bat- 
tery with a longer service life which can be used in a 
wider range of temperatures. 

[0038] The present invention relates to a nickel-metal 
hydride storage battery comprising a positive electrode 
mainly composed of nickel hydroxide, a negative elec- 
trode mainly composed of a hydrogen storage alloy 
powder electrochemicaily absorbing and desorbing hy- 
drogen, a separator, and an alkaline electrolyte, wherein 
at least one selected from the group consisting of the 
positive electrode, the separator and the electrolyte con- 
tains zinc and rare earth element. 
[0039] First, a description will be made on zinc and 
rare earth element which are the most outstanding char- 
acteristics of the present invention. 
[0040] Zinc may be contained in at least one state se- 
lected from the group consisting of metallic zinc, zinc 
hydroxide, zinc oxide, zinc sulfate, zinc carbonate and 
zincate ion. 

[0041] Meanwhile, rare earth element may be con- 
tained in at least one state selected from the group con- 
sisting of rare earth metal, rare earth oxide and rare 
earth hydroxide. 

[0042] Further, rare earth element may be yttrium, er- 
bium or ytterbium, for example. 
[0043] As such, in the present invention, at least one 
selected from the group consisting of the positive elec- 
trode, the separator and the electrolyte contains zinc 
and rare earth element. In other words, zinc and rare 
earth element are contained in one or all of the positive 
electrode, the separator and the electrolyte. 
[0044] Therefore, the present invention also relates to 
a nickel-metal hydride storage battery wherein at least 
one selected from the group consisting of metallic zinc, 
zinc hydroxide, zinc oxide, zinc sulfate and zinc carbon- 
ate; and at least one selected from the group consisting 
of metallic zinc, zinc oxide and zinc hydroxide are con- 
tained in the separator or the electrolyte in the afore- 
mentioned nickel-metal hydride storage battery. 
[0045] The total content of the zinc and the rare earth 
element in the nickel-metal hydride storage battery in 
accordance with the present invention (which is calcu- 



lated as in the state of oxide thereof) is preferably 0.01 
to 1 0% by weight of the nickel hydroxide contained in 
the positive electrode. 

[0046] They are also preferably 0.1 to 2% by weight 
s of the nickel oxide in the positive electrode since such 
amount enables the stable production of battery with 
high performance at lower material cost. 
[0047] Although the separator in the nickel-metal hy- 
dride storage battery in accordance with the present in- 
to vention is not particularly specified, it is preferably com- 
posed of sulfonated polypropylene. 
[0048] Although the electrolyte in the nickel-metal hy- 
dride storage battery in accordance with the present in- 
vention is not particularly specified, it preferably con- 
's tains potassium hydroxide, sodium hydroxide and lithi- 
um hydroxide. 

[0049] Hereinafter, although the present invention will 
be described more specifically with examples, the 
present invention is not limited thereto. 

20 

EXAMPLE 1 

[Preparation of Positive Electrode] 

25 [0050] To 1 00 parts by weight of a spherical powder 
of nickel hydroxide, 5 parts by weight of a cobalt powder, 
5 parts by weight of a cobalt hydroxide powder, 1 part 
by weight of a zinc oxide powder and 1 part by weight 
of a yttrium oxide powder were mixed. Namely, the con- 

30 tent of the zinc compound and the yttrium compound 
was 2% by weight of the nickel hydroxide. And, the ob- 
tained mixture was kneaded with water to give a paste. 
The paste thus obtained was filled into a foamed nickel 
porous substrate, which was a support having a porosity 

35 of 95% and a surface density of 450g/cm 2 . After being 
dried and compressed, it was cut into a predetermined 
size of 0.5 mm thickness, 35 mm width and 110 mm 
length, thereby preparing a nickel positive electrode 
having a theoretical capacity of 1 ,000 mAh. 

40 

[Preparation of Negative Electrode] 

[0051] To 1 00 parts by weight of a hydrogen storage 
alloy (MmNi 3 6 Co 0 7 Mn 0 4AI0.3, wherein M is Mish met- 

45 al), 5 parts by weight of binder (polyvinyl alcohol) was 
mixed. And, the obtained mixture was kneaded with wa- 
ter to give a paste. The paste thus formed was applied 
onto a punched metal sheet. After being dried and com- 
pressed, it was cut into a predetermined size of 0.4 mm 

so thickness, 35 mm width, 1 60 mm length, thereby form- 
ing a hydrogen storage alloy negative electrode having 
a theoretical capacity of 1 ,600 mAh. 
[0052] The positive electrode prepared as described 
above was combined with a hydrogen storage alloy neg- 

55 ative electrode as described above to produce a battery 
as shown in Fig. 1 by using a separator made of a sul- 
fonated polypropylene having a thickness of 0.2 mm. 
This battery is an AA-size sealed nickel-metal hydride 
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storage battery having a theoretical capacity of 1,000 
m Ah of which electric capacity is regulated by the pos- 
itive electrode. 

[0053] A positive electrode 1 , a negative electrode 2 
and a separator 3 were laminated and rolled up together, 
and inserted into a case 4, which also served as a neg- 
ative terminal. A positive electrode lead 5 provided at 
the positive electrode 1 was connected to a sealing plate 
6, which also served as a positive terminal, and a safety 
valve 7 was provided at the sealing plate 6. 
[0054] Into the storage battery, 2.0 cm 3 of an alkaline 
electrolyte (an aqueous solution of KOH having a spe- 
cific gravity of 1 .3) was introduced, and the case 4 was 
sealed with the sealing plate 6. The battery thus pro- 
duced was named Battery A. 

[0055] A battery produced in the same manner except 
that only zinc was contained in the positive electrode 
was named Battery B. And, a battery produced in the 
same manner except that no zinc and yttrium were con- 
tained in the positive electrode was named Battery C. 

[Evaluation] 

[0056] The utilization rate (capacity ratio) of the pos- 
itive electrode were measured for each battery at an am- 
bient temperature of -25°Cto50 Q C. First, after charging 
was conducted with a current of 0.1 C, which theoreti- 
cally could completed the charging in 10 hours, for 15 
hours, discharging was conducted with a current of 0.2 
C, which theoretically could completed the discharging 
in 5 hours, until the voltage dropped to 1 .0 V. The utili- 
zation ratio of the positive electrode was obtained as a 
ratio of discharge capacity (mAh)/theoretical capacity of 
the positive electrode (mAh). 

[0057] The result is shown in Fig 2. From Fig. 2, it was 
found that the utilization rate was remarkably improved 
at a high temperature compared to the case where zinc 
or yttrium was used in the positive electrode alone ac- 
cording to the present invention. Since the result ob- 
tained by using yttrium alone was mostly identical to that 
obtained by using zinc alone, Battery B was shown as 
the representative. 

EXAMPLE 2 

[Preparation of Negative Electrode] 

[0056] To 1 00 parts by weight of hydrogen storage al- 
loy (MmNi 3 6 Co 0 7 Mn 04 AI 0 3 ), 5 parts by weight of bind- 
er (polyvinyl alcohol), 1 part by weight of a zinc oxide 
powder and 1 part by weight of an yttrium oxide powder 
were mixed. And, the obtained mixture was kneaded 
with water to give a paste. The paste thus formed was 
applied onto a punched metal sheet. After being dried 
and compressed, it was cut into a predetermined size 
of 0.4 mm thickness, 35 mm width and 160 mm length, 
thereby preparing a hydrogen storage alloy negative 
electrode having a theoretical capacity of 1,600 mAh. 



[0059] The negative electrode obtained as described 
above was combined with the nickel positive electrode 
having a theoretical capacity of 1 ,600, which was pre- 
pared by adding 5 parts by weight of a cobalt powder 

5 and 5 parts by weight a cobalt hydroxide powder to 1 00 
parts by weight of a spherical powder of nickel hydrox- 
ide, kneading the obtained mixture with water to give a 
paste, filling the paste to a foamed nickel porous sub- 
strate having a porosity of 95% and a surface density of 

10 450g/cm 2 , and cutting it into a predetermined size of 0.5 
mm thickness, 35 mm width and 110 mm length after 
being dried and compressed, thereby preparing a simi- 
lar battery as in Example 1 by using a separator made 
of a sulfonated polypropylene having a thickness of 0.2 

is mm. This battery was named Battery D. 

[0060] A battery prepared in the same manner except 
that only zinc was contained in the positive electrode 
was named Battery E. And, a battery prepared in the 
same manner except that no zinc and yttrium were con- 

20 tained in the negative electrode was named Battery F. 

[Evaluation] 

[0061] For these batteries, a cycle life test by charging 
25 was conducted with a current of 1 C for 1 .3 hours and 
discharging was conducted with a current of 1 C until 
the voltage dropped to 1 .0 V at an ambient temperature 
of 25 °C. The discharge capacity is shown in Fig. 3 as 
a capacity ratio to theoretical capacity. 
30 [0062] As a result, it was found that the cycle life was 
remarkably improved compared to the case where zinc 
or yttrium was used in the negative electrode alone ac- 
cording to the present invention. Since the result ob- 
tained by using yttrium alone was mostly identical to that 
35 obtained by using zinc alone, Battery E was shown as 
the representative. 

EXAMPLE 3 



[0063] The positive electrode used in this example 
was prepared in the following manner. To 100 parts by 
weight of a nickel hydroxide powder, 7 parts by weight 
of a cobalt powder and 5 parts by weight of cobalt hy- 
droxide were mixed. And, the obtained mixture was 
kneaded with water to give a paste. The paste thus ob- 
tained was filled to a foamed nickel porous substrate 
having a porosity of 95% and a surface density of 450g/ 
cm 2 . After being dried and compressed, it was cut into 
a predetermined size of 0.5 mm thickness-, 35 mm width 
and 110 mm length, thereby preparing nickel positive 
electrodes having a theoretical capacity of 1 ,000 mAh. 



[0064] Next, the hydrogen storage alloy negative 
electrode used in this example was prepared in the fol- 
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lowing manner. To 1 00 parts by weight of hydrogen stor- 
age alloy (MmNi 36 Co 07 Mn 04 AI 0 3) ( water and 5 parts 
by weight of a binder (polyvinyl alcohol) were mixed to 
form a paste and the paste was applied onto a punched 
metal sheet. After being dried and compressed, it was 
cut into a predetermined size of 0.4 mm thickness, 35 
mm width, and 160 mm length, thereby preparing a hy- 
drogen storage alloy negative electrode having a theo- 
retical capacity of 1 ,600 mAh. 

[Preparation of Separator] 

[0065] Next, the separator used in this example was 
prepared in the following manner. A separator made of 
sulfonated polypropylene having a thickness of 0.2 mm 
was immersed into a saturated aqueous solution in 
which zinc sulfate and yttrium hydroxide were dissolved. 
As a result, zinc ion and yttrium ion were substituted for 
hydrogen ion in sulfon group or impregnated in a hole 
in the separator, and thus zinc and yttrium were earned 
on the separator. Various amounts of zinc and yttrium 
were carried by varying the period of time for impregna- 
tion. The amounts of zinc and yttrium thus carried were 
determined by ICP emission spectrometry. 
[0066] The amounts of zinc and yttrium carried on the 
separator, which are calculated in the state of oxide 
thereof to the weight of nickel hydroxide, are shown in 
Table 1 . 



Table 1 



Battery No. 


Zn (wt%) 


Y (wt%) 


1 


0 


1 


2 


0.005 


0,005 


3 


0.005 


1 


4 


0.01 


0.01 


5 


0.01 


1 


6 


1 


0 


7 . 


1 


0.005 


8 


1 


0.01 


9 


1 


1 


10 


1 


5 


11 


1 


10 


12 


1 


11 


13 


5 


1 


14 


10 


1 


15 


10 


10 


16 


11 


1 


17 


11 


0 


18 


0 


11 



[0067] A similar battery as in Example 1 was prepared 
by combining the positive electrode, the negative elec- 
trode and the separator prepared as above. 

5 [Evaluation] 

[0068] The utilization rate of the various batteries pre- 
pared as above was examined. 
[0069] After charging was conducted with a current of 

10 0.1 C for 15 hours at an ambient temperature of 25, 35, 
45 or 55 °C, each of the batteries was stood still for 3 
hours in an ambient temperature of 25 °C. Then, dis- 
charging was conducted with a current of 0.2 C until the 
voltage dropped to 1 .0 V. 

15 [0070] The utilization rate at the second charge/dis- 
charge cycle at each ambient temperature of each bat- 
tery charged and discharged under the above-men- 
tioned conditions is shown in Fig. 4. The utilization rates 
can be obtained from the following formula: 

20 [0071 ] Utilization rate (%) = discharge capacity (mAh) 
Aheoretical capacity of positive electrode (mAh) 
[0072] As shown in Fig. 4, it is apparent that the 
charge efficiency decreases at a high temperature if 
each of the total amount of zinc element and yttrium el- 

25 ement carried in the separator is less than 0.01% by 
weight of the nickel hydroxide in the positive electrode. 
[0073] Meanwhile, the utilization rate of the positive 
electrode starts to decrease at room temperature if each 
of the amounts of zinc element and yttrium element car- 

30 ried in the separator is more than 1 0% by weight of the 
nickel hydroxide in the positive electrode. 
[0074] As such, by concurrently carrying each of zinc 
element and yttrium element in the separator within the 
range from 0.01 to 1 0% by weight of the nickel hydroxide 

35 in the positive electrode, the battery can be used at a 
high utilization rate in a wide range of ambient temper- 
atures. 

[0075] After charging was conducted with a current of 
0.2 C for 5 hours, a cycle life test was conducted by disr 
*o charging with a current of 0.5 C until the voltage dropped 
to 1 .0 V. 

[0076] The batteries with the optimal carrying 
amounts of zinc and yttrium exhibited stable utilization 
rates of the positive electrode until the 800th cycle, and 
45 the utilization rates are 60% or so even after about 1 ,000 
cycles had elapsed. However, the batteries with the in- 
sufficient carrying amounts of the addition showed low 
utilization rates and early deterioration. 

* 

so EXAMPLE 4 

[0077] The electrolyte used in this example was pre- 
pared in the following manner: 
[0078] First, an alkaline electrolyte was prepared by 
55 dissolving lithium hydroxide of 20 g/liter in an aqueous 
solution of potassium hydroxide having a specific gravity 
of 1 .3. Then, zinc sulfate and yttrium hydroxide were dis- 
solved into the electrolyte such that the electrolyte con- 



11 



EP 1 100 141 A1 



•II 



12 



tained zinc element and rare earth element each in a 
concentration shown in Table 2. The amounts of zinc 
and the yttrium dissolved in the electrolyte were deter- 
mined by ICP emission spectrometry. It is noted that the 
concentrations in Table 2 are calculated as in the state 
of oxide thereof to the weight of nickel hydroxide. 



Table 2 



Battery No. 


Zn (wt%) 


Y (wt%) 


19 


0.005 


0.005 


20 


0.005 


0.01 


21 


0.01 


0.005 


22 


1 


0.01 


23 


1 


0.05 


24 


1 


0.1 


25 


1 


1 


26 


1 


0.01 


27 


10 


0.01 


28 


11 


0.01 


29 


11 


0.005 



[0079] Test batteries were prepared in the same man- 
ner as in Example 1 except for the electrolyte by com- 
bining the same positive electrode and negative elec- 
trode as in Example 3 and using a separator made of 
sulfonated polypropylene having a thickness of 0.2 mm, 
and a similar test was conducted. 
[0080] As shown in Fig. 5, it can be found that the 
charge efficiency decreases at a high temperature if 
each of the amounts of zinc element and yttrium element 
in the electrode is less than 0.01% by weight of the nickel 
hydroxide in the positive electrode. On the other hand, 
the utilization rate of the positive electrode starts to de- 
crease at room temperature if the amount of zinc ele- 
ment is more than 1 0% by weight of the nickel hydroxide 
in the positive electrode. 

[0081 ] As such , a battery can be used in a wide range 
of ambient temperatures if 0.01 to 1 0% by weight of zinc 
element and 0.01 % by weight or more of yttrium element 
by weight of the nickel hydroxide in the electrolyte were 
concurrently added to the negative electrode plate. 
[0082] A life cycle test was conducted at an ambient 
temperature of 45 °C in the same manner as in Example 
3 and the similar results were obtained. 
[0083] Zinc oxide and zinc sulfate were used as zinc 
compound, and yttrium oxide and yttrium hydroxide 
were used as the rare earth compound in the above ex- 
ample. The similar effect was observed even in the case 
where metallic zinc, zinc hydroxide, zinc carbonate and 
zincate ion were used as zinc compound, and erbium 
compound and ytterbium were used as rare earth com- 
pound. 



[0084] As described hereinabove, the present inven- 
tion can provide a nickel-metal hydride storage battery 
with an excellent cycle life which can achieve a high ca- 
pacity in a wide temperature range. 

5 [0085] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 

10 skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 
covering ail alterations and modifications as fall within 
the true spirit and scope of the invention. 

is [0086] The present invention is to provide a nickel- 
metal hydride storage battery comprising a positive 
electrode mainly composed of nickel hydroxide, a neg- 
ative electrode mainly composed of a hydrogen storage 
alloy powder electrochemically absorbing and desorb- 

20 ing hydrogen, a separator and an alkaline electrolyte, 
wherein zinc and rare earth clement are contained in at 
least one selected from the group consisting of the pos- 
itive electrode, the separator and the electrolyte. Hence, 
the charge efficiency of nickel hydroxide can bo im- 

25 proved at a high ambient temperature, and furthermore, 
the deterioration of the negative electrode due to oxida- 
tion can be suppressed, thereby enabling a provision of 
a nickel-metal hydride storage battery with a longer cy- 
cle life. 

30 

Claims 

1. A nickel-metal hydride storage battery comprising 
35 a positive electrode mainly composed of nickel hy- 
droxide, a negative electrode mainly composed of 
a hydrogen storage alloy powder electrochemically 
absorbing and desorbing hydrogen, a separator 
and an alkaline electrolyte, 
40 wherein zinc element and rare earth element 

are contained in at least one selected from the 
group consisting of said positive electrode, said 
separator and said electrolyte. 

^5 2. The nickel-metal hydride storage battery in accord- 
ance with claim 1 , 

wherein said zinc is contained in at least one 
state selected from the group consisting of metallic 
zinc, zinc hydroxide, zinc oxide, zinc sulfate, zinc 

50 carbonate and zincate ion. 

3. The nickel-metal hydride storage battery in accord- 
ance with claim 1 , 

wherein said rare earth element is contained 
55 in at least one state selected from the group con- 
sisting of rare earth metal, rare earth oxide and rare 
earth hydroxide. 
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4. The nickel-metal hydride storage battery in accord- 
ance with claim 1 , 

wherein said rare earth metal is yttrium, er- 
bium or ytterbium. 

5 

5. The nickel-metal hydride storage battery in accord- 
ance with claim 1 , 

wherein the content of said zinc and said rare 
earth element, which is calculated in the state of ox- 
ide thereof, are 0.01 to 1 0% by weight of said nickel 10 
hydroxide in said positive electrode. 

6. The nickel-metal hydride storage battery in accord- 
ance with claim 1 , 

wherein said separator is composed of sul- '5 
fonated polypropylene. 

7. The nickel-metal hydride storage battery in accord- 
ance with claim 1 , 

wherein said electrolyte contains potassium 20 
hydroxide, sodium hydroxide and lithium hydroxide. 

8. A nickel-metal hydride storage battery comprising 
a positive electrode mainly composed of nickel hy- 
droxide, a negative electrode mainly composed of 25 
a hydrogen storage alloy powder electrochemically 
absorbing and desorbing hydrogen, a separator 
and an alkaline electrolyte, 

wherein at least one selected from the group 
consisting of metallic zinc, zinc hydroxide, zinc ox- 30 
ide, zinc sulfate and zinc carbonate; and one select- 
ed from the group consisting of rare earth metal, 
rare earth oxide and rare earth hydroxide is added 
to said negative electrode. 

35 

9. The nickel-metal hydride storage battery in accord- 
ance with claim 8, 

wherein the amount of addition of said zinc 
and said rare earth element, which is calculated in 
the state of oxide thereof, are 0.01 to 1 0% by weight *o 
of said nickel hydroxide in said positive electrode. 

10. The nickel-metal hydride storage battery in accord- 
ance with claim 8, 

wherein said rare earth element is yttrium, er- 
bium or ytterbium. 
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Fig. 1 
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Utilization rate of positive electrode {%) 
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Utilization rate of positive electrode (%) 
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Utilization rate of positive electrode (%) 
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